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Compounds Chase 
the Sun
“CIGS?” queried an old-hand compound man.
“Copper, gallium, indium, selenide.” “Oh, that
old white hope,” was his reply. Significantly, he
didn’t use the word ‘elephant’ for, as the com-
pound sector knows, CIGS has undergone a
makeover to become among the hottest photo-
voltaic (PV) subjects. It’s certainly a darling in
the investment community. And it’s not alone.
Other compound materials such as that stal-
wart of the space fraternity - gallium; close sil-
icon affiliate germanium, and cadmium
selenide or telluride, not to mention titanium,
are all mooted as next PV generation 
materials.
There’s no denying that the solar cell market is
growing. PV output tripled between 2001 and
2004 to 1,194MW according to Photovoltaic
News.The US securities firm Piper Jaffrey is pre-
dicting the solar module market will grow three-
fold from its 2004 figure to reach $12bn by
2010.
Accordingly most solar companies are increasing
production.The silicon solar cell giant with 27%
of the global market, Sharp, expects demand this
year to increase to 1,250MW and other Japanese
producers are increasing production. Mitsubishi
Heavy Industries is to quadruple its solar cell
output to 50MW a year and Konarka is to double
output to 55MW by 2007. Other major players in
polysilicon - MEMC Electronic Materials,Wacker
Chemie and Renewable Energy are also ramping
up production, spurred on by some 67% growth
in the industry in 2004, though this may not
impact markets until 2008-2009.
One major problem facing traditional silicon sup-
pliers is a shortage of available polysilicon, to the
extent that it is believed that material shortages
were behind the Royal Dutch Shell sale in
February of its 80MW solar module production
capacity and marketing operation to Germany’s
SolarWorld AG.
The two companies that have really pushed out
the CIGS boat are Honda Motor Co in Japan and
Austin-based HelioVolt Corp, in the US. Honda
looks to be the first to market with limited area
sales this autumn. Mass production, an annual
capacity of 27.5MW, is sufficient for 8,000
homes, and is expected to be retailing at
$12,500/home. (This compares to the current
$16,800/home for silicon solar cells that produce
4kW.) 
The production line will be at Honda's
12,000m2, $86m, Kumamoto factory in Western
Japan, and is expected to be in operation in the
last half of 2007. If the CIGS solar sells well in
the home market, Honda seems willing to take
the product to the US and Europe.
CIGS cuts manufacturing
energy costs
Honda’s thin film CIGS has a new production
process, developed by Honda Engineering, that
achieves a 50% reduction in the use of energy
in the manufacturing process of a solar cell
that has reached the highest level of PV trans-
fer efficiency for a thin film cell and that is the
equivalent to the conventional crystal silicon
solar cells.
Since 2002 the company has been piloting and
performance monitoring its solar cells at its
Outboard Engine Plant in Hosoe and 12 other
Honda facilities in Japan as well as three overseas
Gail Purvis
HelioVolt claims FASST speed of production is a key to its mass production potential.
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But if gallium in
CIGS or triple
junction format
appears to be
the hottest 
contestant
against 
polysilicon for
solar, keep a
weather eye on
SiGe.
locations in the US and Thailand.
HelioVolt is using rapid thermal annealing and
anodic bonding for high performance CIGS film
that can be deposited on almost any substrate. Its
founder and PV pioneer, physicist Dr Billy J.
Stanbery says that the process dramatically short-
ens manufacturing time and (like Honda) reduces
the thermal budget - by a factor of 10 to 100.
“Silicon solar cells are essentially PCBs.You build
the solar cells on a silicon wafer, then solder and
wire them together in panels.As a thin film tech-
nology, CIGS can use the type of lithography and
deposition process used in integrated circuits,”
says Dr Stanbery, a former Boeing scientist,
whose chemical engineering dissertation in 2001
won him a contract for work on thin film solar
technology from the National Renewable Energy
Laboratory.
In 2005 the venture capital group, New
Enterprise Associates invested $8m in HelioVolt.
It also put some $7m into Konarka Technologies
Inc, whose TFT solar cells are on plastic sub-
strate. In the first 9 months of 2005 according to
Forbes magazine, Nanosolar, Miasole, HelioVolt
and Konarka Technologies raised a combined
$51m, the bulk of this for CIGS based solar.
HelioVolt has a patented manufacturing process
as its core advantage point, with the process
capable of producing high volumes of building
material and sufficiently flexible to adapt to dif-
ferent surfaces, ranging from external building
coatings to interior curtains.
Where the US commercial solar system takes a
decade to pay for itself, HelioVolt argues that the
cost effective route is to build solar capacity into
the materials in contrast to customers having to
design, order or even retrofit systems.The final
crowning glory for CIGS is that like silicon, it is
claimed to be the only thin-film technology to
have been demonstrated to be intrinsically stable.
DayStar Technologies is another US company to
have made a name for itself in CIGS with photo-
voltaic foil. Its CIGS solar cells are deposited on
flexible metal foils and promise substantially
lower costs to encourage large scale adoption of
solar energy. In January it announced that it had
shipped solar cells to its first two commercial
customers and reached production milestones
that will win it $200,000 from a $1m R&D con-
tract with the New York State Energy Research &
Development authority.The company, still build-
ing its factory, plans volume production later in
2006.
Nanosolar, a Palo Alto, California-based private
company, is another on the CIGS bandwagon,
still building its first factory. It argues the ability
to architect and assemble materials on a nm-scale
to optimise solar cells. Molecular self-assembly
gives unprecedented capability of designing and
creating nanostructured materials with novel
properties. Such techniques generally rely on for-
mulas that control the precise, bottom-up chemi-
cal assembly of molecules into geometric struc-
tures composed of many molecules, e.g. in the 
1- to 100-nm range.With over 81 patents issued,
licensed, or pending regarding all critical aspects
of nanostructured materials, coverage includes
exclusively licensed patents from pioneering
work in the field and covers semiconductor
quantum dots, nanoparticles and nanotemplates
with precise 3D order.
Miasole, based in San Jose, (formerly Raycom
Technologies) has expertise in high volume
TFT components working on hard disk storage
coating and optical components. It has also
gone the CIGS route, raising some $16m to
move its proven R&D process to an existing
high volume production system rated for 5MW
of annual solar cell output. Last year the com-
pany demonstrated solar cells with 12% con-
version efficiency, and CEO David Pearce is on
record as saying that his company has the
enabling technology to reduce today’s “approx-
imate $3/W to less than $1/W.”
CIGs is not just a US or Japanese development.A
combined R20m project of the South African
Universities of Port Elizabeth, Pretoria, Rand
Afrikaans for renewable energy, has involved, in
part, work on an industrial method for producing
CIGS solar panels at low cost. Professor Vivian
Alberts of the University of Johannesburg claims
to have made 5micron thick panels, costing a
fraction of a polysilicon equivalent.A full-scale
The Parkeon standalone park-
ing ticket dispenser is pow-
ered by high-efficiency
solar cells which provide year
round, adverse weather oper-
ations.. Solar panels are inte-
grated at the top to keep the
integral battery
fully charged. In fact, solar
power is something of a mis-
nomer, as the panels simply
require exposure to daylight
to operate.
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commercial production plant is mooted, in
which two German-based solar energy compa-
nies are reputedly interested. IFE Solar Systems,
which has invested around R500m in the tech-
nology, plans to start manufacturing panels in
Europe later this year.
And hovering in the wings is the work by the
Los Alamos National Laboratory where scientists
have discovered that carrier multiplication
occurs in the nanocrystals of materials such as
cadmium selenide. Lead project scientist Victor
Klimov has noted,“It is the particle size, not its
composition that mostly determines the efficien-
cy of the effect.”
The findings suggest that PV technologies using
cadmium telluride may also make practical use
of this discovery.
DARPA and the space 
contenders
While CIGS looks to be the next PV generation
solar wave, defence and space are indubitably
the development crucibles for advanced materi-
als that makes Emcore’s recent subcontract to
participate in the Defense Research Projects
Agency’s Very High Efficiency Solar Cell program
- to double the efficiency of terrestrial solar cells
within the next 4 years - worth watching.
Phase 1 of the program is to develop III-V multi-
junction solar cells, and Emcore is expected to
develop a technology roadmap to enable signifi-
cantly lower fabrication costs for the very high effi-
ciency cells.The work is also part of a consortium
formed by the University of Delaware and led by
Professor Allen Barnett (Department of Electrical
and Computer Engineering) and the VHSEC pro-
gramme,which will provide up to $53m funding.
Emcore’s core expertise, according to VP and GM
of the Photovoltaic Division, David Danzillio,
includes the development and high volume pro-
duction of semiconductor solar cells using GaAs
alloys and MOCVD.“In addition to leveraging
solar cells for space applications we will also
contribute our experience in deploying high effi-
cient solar cells for terrestrial markets where we
are currently achieving excellent result in the
concentrator solar power market with efficien-
cies currently topping 36%.”
Boeing was made a January 2006 award for three
MSV satellites and ground systems, scheduled for
launch in 2009 and 2010.These will require 11 kW
of power,which will be provided via 5-panel solar
array ‘wings’. It is likely that this will be achieved
using the proven  seems set on using its proven,
higher efficient, triple-junction GaAs solar cells.
Germanium and titanium still
in the game
But if gallium in CIGS or triple junction format
appears to be the hottest contestant against poly-
silicon for solar, keep a weather eye on SiGe
Compound adds shine to
solar panels.
The most recent self-portrait
of NASA’s Mars Exploration
Rover Spirit shows the solar
panels gleaming in Martian
sunlight with only a thin
veneer of dust two years after
the rover landed and began
exploring the red planet.
III-Vs REVIEW THE ADVANCED SEMICONDUCTOR MAGAZINE VOL 19 - NO 2 - MARCH 200638
PhotovoltaicsT E C H N I C A L F E A T U R E
developments. Here Voltaix and SolFocus are
major players.
Voltaix, the chemical and gases manufacturer, has
acquired the rights from Arizona Technology
Enterprises, part of Arizona State University, to a
SiGe solution to solar cells. Using ‘designer mole-
cules’ materials, which are alloys of silicon and
germanium, according to John Kouvetakis,ASU
professor of chemistry and biochemistry, the
result has been the design and synthesis of entire
new families of SiGe that display superior per-
formance in the production of architectures and
nanoscale components and new optical semicon-
ductors in the SiGeSn system.
The discovery has warranted a grant from the
National Science Foundation Small Business
Innovation Research and SB Technology
Transfer programme to accelerate commercial-
ization of the technology. In addition,
Kouvetakis is supported by the Hanscom Air
Force Base, the Air Force Office of Scientific
Research and a three-year grant from the
Photonic Technology Lab of Intel Corp to
develop optical modulators and photodetec-
tors in collaboration with ASU.
SolFocus is on the concentrator PV route, teamed
with the Palo Alto Research Centre where the
cells use germanium instead of silicon.While the
material is expensive, SolFocus systems uses only
1 cm2 per panel and is able to half the installed
price of solar and make margins.
Against the current PV installed price of from
$5.15-$8/W, SolFocus is shipping first generation
systems to Shanghai, and customers in Hawaii
and California for pilot testing of 2MW this year
for PV, targeted at field power plants over the
next year to 18 months. CEO Gary Conley claims
that the average cost of the technology before
shipping or margins is at $2.40/W.
Currently under development is a second genera-
tion product with the Palo Alto Research Center
(PARC).This is using a glass pressing process and
reduces the mirrors and lenses into a single glass
tile.At volumes of 10MW, claims Conley the price
of the tiles will match the price of glass and at
1GW reach 32c/W. Mass production here can be
expected in about two years.
SolFocus also claims a 20 year life span for its
product and to date has raised some $8m in a
Series A round; in-kind funding from a major cor-
poration and $1.5m in-kind funding such as R&D
facilities from PARC.
Still in the laboratories of Penn State University,
are arrays of Titania nanotubes for hydrogen pro-
duction and increase solar cell efficiency.Work,
supported by the National Science foundation
and with a seed grant from Penn State Hydrogen
Centre, of Professor Craig Grimes (electrical
engineering and materials science and engineer-
ing) and his team, showing ‘Enhanced photo-
cleavage of water using titania nanotube-arrays’
suggests that a highly ordered array provides
excellent pathways for electron percolation, and
results suggest that highly efficient dye solar
cells could be made simply by increasing the
length of the nanotube arrays, possibly resulting
in ‘considerable to dramatic’ increases in solar
efficiency.
The success of any solar technology will obvi-
ously depend on price. Polysilicon-based solar
currently costs around $7/W; the price still
needs halving for solar to be competitive with
coal. Non-silicon companies say they are at
$3.50/W or even as low as $1/W. But the proof
of third generation compound PV cells will be
in production and use, and possible also depend
critically upon such overlooked vitals as con-
verters, batteries and connectors that play a
role in the whole magic of getting ‘useful’
power for business and domestic requirements
from the sun.
Polysilicon-
based solar 
currently costs
around $7/W;
the price still
needs halving for
solar to be 
competitive with
coal. 
Plasma assisted co-evapora-
tion (PACE) of copper-indium-
gallium-selenide (CIGS) films
are wide bandgap semicon-
ductors and are employed as
absorbers in photovoltaic
devices.  By partially replacing
selenium with sulfur (CIGSS)
one may engineer the
bandgap of this material in
order to optimise photovolta-
ic performance.
Selenization/sulfurization of
metallic precursor films is typ-
ically done thermally using
elemental S2/Se2 vapors or
gases like H2S/H2Se. Here a
novel plasma-assisted co-
evaporation (PACE) processing
technique is developed for
this step. Anticipated advan-
tages include temperature
reduction, improved material
utilisation, and better control
of the S/Se ratio. This indus-
trial/academic collaboration is
managed by Dr. Ingrid
Reppins of ITN Energy
Systems. The student team
includes PhD candidate
Sreenivas Kosaraju, MS candi-
date Gunnar Recht, and
undergraduate researcher
John Harvey. The project is
supported by the National
Renewable Energy Laboratory
(NREL)  through a subcontract
with ITN Energy Systems.
Source:
www.mines.edu/fs_home/cwo
lden/pace.htm
